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Abstract In the mid-19th century, thyroid surgery was regarded as a ‘‘proceeding
by no means to be thought of’’ in Britain, ‘‘foolhardy’’ in Europe, and ‘‘horrid
butchery’’ in America. By the mid-20th century, thyroid surgery was amongst the
most efficient and safest of operations. This transition of modern thyroid surgery
over a century was brought about by seven surgeons. The lessons of Theodor Bill-
roth, Theodor Kocher, William Halsted, Charles Mayo, George Crile, Frank Lahey
and Thomas Dunhill are to be forever relearned and respected. Let us remember
this pantheon of pioneers, these ‘‘Magnificent Seven’’.
ª 2006 Published by Elsevier Ltd on behalf of Surgical Associates Ltd.Introduction
Surgery of the thyroid gland spans the length and
breadth of surgery itself, harking back through
a millennium, and now fanning out through modern
surgical specialties. Abu al-Qasim, Islam’s legend-
ary medieval surgeon, is credited with performing
the first goitre excision in which the patient just
avoided exsanguination, as recorded in his surgical
tome, ‘‘Al-Tasrif’’, in 952 AD. A thousand years
later, thyroid surgery is now practised with effort-
less efficiency and supreme safety. This transition
was not without many fits and starts. Indeed, it was
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demned such surgery to be ‘‘one of the most
thankless, most perilous undertakings which, if
not altogether prohibited, should at least be re-
stricted’’ in Germany, dismissing such operations as
‘‘foolhardy performances’’.1 Thyroid surgery was
actually banned by the French Academy of Medi-
cine at this time. The feeling was similar across
the Channel, with Liston forcefully preaching that
one ‘‘could not cut the thyroid gland out of the liv-
ing body in its sound condition without risking the
death of the patient from haemorrhage. It is a pro-
ceeding by no means to be thought of’’.2 Further
afield across the Atlantic, Gross also denounced
thyroid surgery as ‘‘horrid butchery . deserving
of rebuke and condemnation’’, and that ‘‘no honest
and sensible surgeon would ever engage in it’’.3
From that bloody and festering time, thyroidon behalf of Surgical Associates Ltd.
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seven successive surgeons. Let us remember this
pantheon of pioneers, these ‘‘Magnificent Seven’’.
Billroth (1829e1894)
As with laryngectomy, oesophagectomy and gastrec-
tomy, the story of modern thyroidectomy starts with
Theodor Billroth, the behemoth of 19th century
surgery. Billroth accepted his first university chair
in Zurich in 1860. Echoing Juvenal, the Roman poet,
who had opined, ‘‘Quis tumidum guttur miratur in
Alpibus?’’, Billroth also wondered about the endemic
goitre of his Alpine environment. He instituted
surgery for compressive symptoms, but became dis-
heartened by eight of his 20 patients expiring peri-
operatively, and so suspended such endeavour.
Fortunately, six years later, re-establishing himself
in Vienna, along with concurrent establishments of
anaesthesia, asepsis and antisepsis, and haemosta-
sis, Billroth resolved to try again. Indeed, his mortal-
ity rate dropped to less than 10%, and Billroth was
well on his way to becoming the most practised
thyroid surgeon worldwide.
But, Billroth was not just a masterful surgeon, he
was a masterful scholar too. He guided his assis-
tants, including Wolfler, who became first to de-
scribe tetany after thyroid surgery in 1879, as well as
highlight the danger to recurrent laryngeal nerves.
In 1880, Sandstrom identified the last major organs
to be recognised in humans, ‘‘glandulae parathyr-
oideae’’.4 Thereafter, a later assistant of Billroth,
Eiselsberg, became first to experiment with trans-
plantation of thyroid and parathyroid tissues,
although Gley did not demonstrate the link between
postoperative tetany and parathyroid excision or
disruption until 1891.5 Billroth also inspired his stu-
dents, including Mikulicz, who developed the con-
cept of subtotal resection, allowing residual
functioning thyroid tissue to allay emerging prob-
lems of removed thyroid function. But one student
truly took the baton from Billroth for an astonishing
runeTheodor Kocher, now lauded as the ‘‘Father of
Thyroid Surgery’’.
Kocher (1841e1917)
Theodor Kocher accepted his own university chair
in Berne in 1872, and like his namesake and mentor
found himself surrounded by endemic goitre. At
that time, Billroth had suspended thyroid surgery,
but Kocher remained determined. Under scrupu-
lous asepsis and with obsessive haemostasis,
Kocher’s operative mortality rate plummeted to0.2% by 1898. That year, he also described the
transverse collar incision, which still bears his
name today. Reviewing his life’s work, Kocher
detailed a mortality rate of 0.5% for almost 5000
thyroid operations.6 Under his tenure, Berne be-
came the global capital for thyroid surgery, at-
tracting observers from far and wide.
Kocher’s contribution goes beyond mere numbers
and demonstrations. When he started thyroid sur-
gery, Kocher performed total thyroidectomy. In
following-up these early cases, Kocher worryingly
noted such patients becoming physically sluggish
and mentally slow. In describing an 11-year-old
patient postoperatively, Kocher noted: ‘‘She has
become peevish and dull and will not work except
under compulsion, whereas formerly she was a spir-
ited and joyous creature’’.7 In 1874, Gull, a London
contemporary, had postulated a ‘‘cretinoid’’ condi-
tion in postmenopausal women, describing their dry
skin, coarse features, slothful demeanour and men-
tal retardation.8 Kocher recognised this cretinoid
state in his postoperative patients. He considered
it a result of total thyroidectomy, and described
this unfortunate complication as ‘‘cachexia strumi-
priva’’. As there was no cure, Kocher limited his
practise to one-sided lobectomy, saving total resec-
tion for intractable compression or cancer. The term
‘‘myxoedema’’ itself was actually coined in 1878 by
Ord, who initially thought that cretinoid features
were due to excessive mucus formation and deposi-
tion under the skin.9 However, he went on to demon-
strate post-mortem that thyroid follicles contained
fibrous tissue, instead of colloid, thereby formally
associating the gland and myxoedema. In 1883,
Semon postulated that the demise of thyroid activity
was the root cause of Gull’s cretinism, Kocher’s
cachexia strumipriva and Ord’s myxoedema.10 That
same year, Kocher concurred, publishing the results
of total thyroidectomy, thus finally prescribing an
essential function to the gland.11
As well as encountering myxoedema postopera-
tively, Kocher encountered the striking malady of
exopthalmic goitre, as described by Graves,12 pre-
operatively. Whereas his contemporaries would
shy away from such risky thyrotoxic patients,
Kocher designed staged surgery for them. He pro-
moted a first stage of ligation of several named thy-
roid arteries to diminish the gland’s blood supply,
then a second stage of one-sided lobectomy. If thy-
rotoxicosis remained or recurred, then a third stage
would be considered to reduce the size of the re-
maining lobe, but ensuring residual tissue to offset
myxoedema. Kocher’s mortality rate for such cases
was only 4.5%, which was extraordinary, especially
when recalling that this was a time before preoper-
ative preparation with iodine or antithyroid drugs.
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surgery. It is thus no wonder that he is the first
surgeon to ever receive the Nobel Prize in Medicine
and Physiology, presented in 1909 to honour his
life’s work in trying to understand thyroid disease
through surgery and research. By the end of
Kocher’s reign, thyroid surgery was neither ‘‘fool-
hardy’’ nor ‘‘deserving of rebuke and condemna-
tion’’. Operative mortality was at last reasonable,
and complications of myxoedema, tetany, and
vocal fold paralysis were medically understood
and surgically avoided. However, hurdles were still
ahead, namely surgery for thyrotoxicosis, and this
is when the story leaves Europe.
Halsted (1852e1922)
In the later years of his American surgical training,
William Halsted toured the celebrated clinics of
Europe. On observing both Billroth and Kocher in
their thyroid arenas, Halsted became intrigued by
this gland and its surgery. Indeed, it was Halsted
who noted that while Kocher was plagued by
postoperative myxoedema, his patients rarely
had problems with tetany. Interestingly, Billroth
experienced the contrary. Halsted ascribed this to
the differing surgical techniques he had observed.
Kocher was meticulous in tissue handling and
fastidious about haemostasis, thereby entirely
excising the thyroid with little damage beyond its
capsule. Billroth, on the other hand, was less fussy
about handling and haemostasis, thereby speedily
excising the thyroid, likely leaving residual tissue,
and likely also excising parathyroids and or at least
disrupting their blood supply.
Halsted sailed back home in 1880, full of enthu-
siasm for thyroid surgery. However, his newfound
skills soon waned, as he found such surgery barely
practised in America. Halsted blamed the stagnant
state of American thyroid surgery on the lack of both
aseptic practise and haemostatic instruments. Post-
operative sepsis and operative haemorrhage were
the main causes of mortality in thyroid surgery, and
these twin evils were exorcised in Europe using
asepsis principles and multiple haemostats.
In 1889, Halsted assumed his lifelong professor-
ship at the new Johns Hopkins Hospital in Baltimore.
There began his own work on thyroid surgery, not to
mention his special surgical evangelism across
America. Halsted reported injection studies that
demonstrated parathyroid blood supply.13 He
showed that canine postoperative tetany could be
controlled with calcium salts.14 He demonstrated
relief from tetany with injection or ingestion of
parathyroid extract. He went on to verify thatparathyroid transplants would avert tetany. Indeed,
Halsted was very protective about parathyroid
glands, and only performed thyroid lobectomies
with obsessive parathyroid preservation. To addi-
tionally protect parathyroid blood supply, disruption
of which he thought was a more common cause of
tetany than removal of the glands themselves, he
advocated ‘‘ultra-ligation’’ of the thyroid arteries
distal to their parathyroid branches. Halsted thereby
eliminated any risk of tetany if the remaining thyroid
lobe needed removal at a second surgery. For his
thyrotoxic patients, Halsted followed Kocher’s
lead, and executed staged surgery. And like Kocher,
Halsted’s operations were meticulous, aseptic and
bloodless. Moreover, they were systematic, and
founded on anatomy and guided by physiology
throughout. Other contributions included Halsted’s
design of haemostats and other specialised instru-
ments that altogether improved both efficiency
and safety of thyroid surgery. Also, albeit to origi-
nally protect the hands of his scrub nurse and wife-
to-be, Halsted introduced the wearing of thin rubber
gloves during operations, thereby bettering asepsis.
Finally, his magnum opus, ‘‘The Operative Story of
Goiter: the author’s operation’’15 is still the chief
chronicle of thyroid surgery, and so in his own words:
‘‘The extirpation of the thyroid gland for goiter
typifies perhaps better than any other operation
the supreme triumph of the surgeon’s art.’’
Mayo (1863e1939)
Charles Mayo was dramatically introduced to
thyroid surgery in 1890, in the form of a stupendous
goitre compromising the breathing of a burly local
farmer. In view of the precarious airway, he and
his brother, William, essentially employed a slash-
and-grab technique during surgery. Not surpris-
ingly, haemorrhage was heavy, but control was
ultimately achieved by packing the cavity and
over-sewing the skin. Packs were removed days
later, and amazingly the patient soon returned to
work on his farm. Charles remained amazed and
indeed stimulated about such thyroid surgery,
whereas William was not amused. So, Charles
Mayo became the thyroid surgeon at their epony-
mous clinic in Minnesota.
When Mayo started his thyroid journey, his mor-
tality figures were comparatively high. Nonetheless,
he stayed undeterred, especially as thyroid disease
was thought to be medical at that time, and he was
only referred severe cases for surgery as a final
option. Soon, with better surgical technique and
with earlier surgical referrals, Mayo’s mortality rate
fell, and hemovedon to tackle the feared problem of
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adopted Kocher’s method of staged surgery. But
unlike Kocher’s midline split of strap muscles, Mayo
divided them toamplify exposure, a technique which
he first propagated. By 1912, Mayo had performed
278 successful surgeries for Graves disease.16 His
later continued success must be credited to his med-
ical colleague, Plummer, who recognised the benefit
of iodine in preoperative preparation of patients
with exopthalmic goitres.17 With Plummer’s preop-
erative input, Mayo’s operative mortality rate for
Graves disease sunk to less than 1%. Moreover, the
need for staged surgery also dived. All in all, in his
time, Mayo remained unmatched on his continent
for the highest number of thyroidectomies and the
lowest operative mortality, hence his other title,
the ‘‘Father of American Thyroid Surgery’’.
Crile (1864e1943)
George Crile had a special interest in surgical shock,
and wrote extensively on the topic. Such experience
was useful when he started out in Cleveland, and
was caught in a ‘‘thyroid storm’’. Despite a smooth
operation, a patient with Graves disease succumbed
to postoperative hyperthyroid crisis. Crile deduced
that preoperative apprehension and agitation in
such thyrotoxic patients made them susceptible to
such a devastating postoperative complication. He
thus devised a process of ‘‘anoci-association’’ to
purge such fear by ‘‘stealing’’ the gland.18 Crile’s
anaesthetist would preoperatively attend the pa-
tient for several days, prescribing innocuous inhala-
tions. On the day of surgery, unknown to the suitably
relaxed and conditioned patient, the anaesthetist
would slip in ether anaesthesia. Thereafter, the pa-
tient would undergo thyroid surgery, and later wake
up back in bed as if nothing had happened, and so
preclude the dreaded thyroid storm.
Crile became intensely occupied with thyroid
surgery,19 particularly for Graves disease. He was
known to undertake as many as 20 thyroidectomies
a day. Indeed, by the end of his career, his Cleveland
Clinic had listed almost 25,000 operations, largely
for thyrotoxicosis, averaging an operative mortality
rate of 1%, and a similar incidence for tetany.
Lahey (1880e1953)
Frank Lahey takes the baton to Boston. He was
already a renowned general surgeon, when he
added thyroid surgery to his repertoire. Lahey
institutedthebasalmetabolic rateasapreoperative
marker for hyperthyroidism. Patients would beallowed to rest for several days in hospital to settle
their metabolic rates, after which iodine would be
administered to reduce the rates to normal, and
only then would surgery start. Lahey practised the
standard of staged surgery, and adopted Mayo’s
strap division advice. He himself described para-
thyroid autotransplantation into the sternocleido-
mastoid muscle. But Lahey’s especial bugbear was
preservation of the recurrent laryngeal nerve,
which he felt was best achieved by dissecting it
out and keeping it in view throughout; he also
advised lateral ligation of inferior thyroid arteries
to further avoid nerve injury; he recorded an
impressively low palsy rate of 0.3%.20
Lahey operated until the fortnight before his
death. He himself had carried out over 10,000
thyroidectomies, while his clinic had exceeded
40,000 over his time. Although over a quarter of
these procedures were for Graves disease, overall
operative mortality was still only 0.1%.
Dunhill (1876e1957)
The story concludes in Australia, where Thomas
Dunhill runs to the finish for the ‘‘Seven’’. His leg
began at a time when thyrotoxic and especially
thyrocardiac patients remained redoubtable cases
for any thyroid surgeon. Even Kocher felt that
surgery was probably unwise in thyrocardiac pa-
tients: ‘‘Excision should not be undertaken when
the disease is advanced, i.e. when the pulse,
besides being rapid is also small and irregular, or
when the heart is dilated and oedema is pres-
ent’’.21 Problems included postoperative thyroid
storm, often fatal, and likely recurrence of thyro-
toxicosis which was the unsurprising result of leav-
ing too much residual thyroid. Physicians were
certainly no help, their prevailing feeling being
that thyrotoxicosis was essentially a medical issue,
thereby only referring moribund patients for sur-
gery almost as ritual sacrifices. Operating on such
cases, who were emaciated and almost blinded,
suffering fibrillating and waterlogged hearts, inev-
itably resulted in disturbingly high death rates,
fuelling the heinous reputation of surgery for thyro-
toxicosis. Indeed, British surgeons often declined
to operate on severe cases, and never did so on thy-
rocardiac patients. The doyen of British thyroid
surgery at that time, Berry, who we now remember
at every thyroidectomy on spotting his eponymous
ligament, went as far as saying such surgery was
‘‘worse than useless’’.22 So, it was from this atmo-
sphere that Dunhill emerged.
Pondering the issue of surgery for thyrotoxicosis,
Dunhill recognised that the key to success was
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lobectomy hadno role, and thus resurrected subtotal
thyroidectomy, as originally described by Mikulicz.
So, whereas atrial fibrillation and heart failure were
relative contraindications to surgery for his peers,
Dunhill considered these indications for his subtotal
resection. He started his bilateral attack on the
thyroid even before Kocher dared tread into this
thyrocardiac territory. Over four years, Dunhill
achieved230 thyroidectomies for exopthalmic goitre
with only four deaths. Such impressive work was
partly due to progressive Australian physicians, who
putaside their futile therapies, confining their role to
diagnosis and later preoperative preparation of such
hyperthyroid patients, especially as Dunhill’s surgery
presented the best chance for cure. Hence, Dunhill
received early referrals for surgery, and further
improved his outcomes.
In 1912, Dunhill’s work was presented in
London,23 where he would later relocate and forge
a reputation with Joll as their country’s leading thy-
roid surgeons. That year, however, British surgeons
were experiencing an awful mortality rate of 33% in
thyrotoxic cases.24 Consequently, they were some-
what suspicious of Dunhill’s results, querying his
diagnoses and even his honesty. Dunhill himself
relayed his work in America, visiting the surgical
clinics of his great thyroid contemporaries. Despite
the general sceptical response to his overseas tour,
the medical literature was soon swamped with arti-
cles favouring Mikulicz’s subtotal thyroidectomy
over Kocher’s staged surgery for thyrotoxicosis.
Unfortunately, few articles credited Dunhill, which
is why he is sometimes referred to as the ‘‘Forgot-
ten Man of Thyroid Surgery’’.25 But history corrects
this injustice, and for his classic work in developing
efficient and safe surgery for thyrotoxic and thyro-
cardiac patients, not to mention later describing
sternal splitting for retrosternal goitres, Dunhill
can stand proud as one of the ‘‘Magnificent Seven’’.
Conclusion
By the mid-20th century, the contributions of Bill-
roth, Kocher, Halsted, Mayo, Crile, Lahey and Dun-
hill altogether resolved the difficulties of modern
thyroid surgery, as espoused by Diffenbach, Liston
and Gross a century earlier. Of course, the ‘‘Seven’’
themselves would undoubtedly acknowledge the
preceding and concurrent multidisciplinary work
that contributed to their collective triumph. They
would be first to thank the scientists and physicians,
all of whom smoothed their pioneering paths to
handing us a legacy of efficient and safe thyroid
surgery. As today’s thyroid tyros, however, we mustnot be complacent. These lessons of old must always
be relearned and respected. And to finish where it
all began, we return to Billroth: ‘‘Only a man who is
familiar with the art and science of the past is
competent to aid in its progress in the future’’.26
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